, 178/10, 182/10, 185/7 and 193/8) were isolated from white storks in Poland and found to share identical 16S rRNA gene sequences; they were also investigated in a polyphasic taxonomic study. The cells of all isolates were rod-shaped and Gramstain-negative. A comparison of the 16S rRNA gene sequences of these organisms with the sequences of the type strains of the most closely related species of the genus Psychrobacter showed highest sequence similarities to the type strains of Psychrobacter pulmonis and Psychrobacter faecalis (both 97.1 %). The 16S rRNA gene sequence similarities to all other species of the genus Psychrobacter were below 96.3 %. All five isolates showed an identical profile of physiological reactions and almost identical fatty acid profiles consisting of mainly C 18 : 1 v9c, but also C 12 : 0 3-OH as a characteristic hydroxylated fatty acid. A quinone system with mainly ubiquinone Q-8 was detected and the polar lipid profile of the type strain, 176/10 T , was mainly composed of phosphatidylethanolamine, phosphatidylglycerol, phosphatidylserine and diphosphatidylglycerol, plus some hitherto uncharacterized phospholipids and one aminolipid. The major polyamines were spermidine and putrescine. DNA-DNA hybridizations between 176/10 T and the type strains of P. pulmonis and P. faecialis resulted in relatedness values below 70 %. These results indicate that the strains represent a novel species, for which the name Psychrobacter ciconiae sp. nov. The genus Psychrobacter comprises many species, most of them isolated from the environment and from poikilothermic animals. The type strain of Pschrobacter immobilis, ATCC 43116
T , was isolated from poultry and two species, Psychrobacter faecialis and Psychrobacter pulmonis, were also isolated from warm-blooded animals, i.e. from pigeon faeces (Kämpfer et al., 2002) and from the lungs of a lamb (Véla et al., 2003) , respectively. Isolates of species of the genus Psychrobacter of human origin, other than Psychrobacter phenylpyruvicus (previously Moraxella phenylpyruvica), are designated Psychrobacter immobilis. They are not very relevant clinically, but are sometimes considered to be opportunistic pathogens (Gini, 1990; Lloyd-Puryear et al., 1991; Lozano et al., 1994; Wirth et al., 2012) .
We isolated five beige strains (176/10 T , 178/10, 182/10, 185/7 and 193/8) from choana swabs drawn from individual white stork nestlings growing up in different nests in the same region of Poland (near or in Kłopot: 52 u 79 510 N 14 u 429 80 E) in 2013. These strains showed many morphological similarities and were subsequently studied comparatively.
All the isolates were maintained and subcultivated on tryptone soy agar (TS, Oxoid) at 37 u C for 48 h and subsequently underwent analysis of 16S rRNA gene sequences, fatty acid methyl ester compositions, other phenotypic features, as well as DNA-DNA hybridization (DDH) with the most closely related species on the basis of 16S rRNA gene sequence similarities. Reference strains for the physiological and biochemical tests and fatty acid analysis (P. faecalis Iso 46 T and P. pulmonis CIP 107927 T ) and further reference strains (for DDH analysis) were grown under the same conditions as the novel strains.
The major cultural and morphological characteristics were determined from cultures grown on TS. The Gram reaction was tested on the basis of modifying the method of Gerhardt et al. (1994) and the motility test was carried out on cells grown for 3 days in nutrient broth (Oxoid) at 30 u C under a light microscope. Oxidase activity was tested with the Oxidase reagent (bioMérieux) according to the instructions of the manufacturer. Catalase activity was tested by gas formation after dropping H 2 O 2 on the fresh biomass grown for 48 h on Nutrient agar (NA, Oxoid). Growth was investigated at different temperatures (4, 8 or 10, 30, 37, 45 and 50 u C) on TS. NaCl tolerance was investigated in tryptic soy broth (TSB, Oxoid) supplemented with 0.5-8.0 % (w/v) NaCl, while pH-dependent growth was also tested in TSB adjusted to pH 4.5-12.5 (increasing in 1.0 pH unit intervals) by the addition of appropriate amounts of HCl or NaOH.
All five strains had identical morphological appearances with Gram-negative staining behaviour and formed visible beige colonies (of a diameter of approximately 2 mm) within 48 h at 37 u C. All five strains were positive for oxidase activity. Cells of all strains were non-motile, nonspore-forming rods (approximately 1 mm wide and approximately 2 mm long). All five strains grew well on TS, NA, brain heart infusion agar and R2A agar, but not on MacConkey agar (Oxoid). No growth was observed of any isolate at 10 u C and below, or at 45 u C and higher. All isolates grew in TSB at 37 u C in the presence of 1-4 %, but not 5 % (w/v) NaCl. All strains grew in TSB adjusted to pH values of between pH 5.5 and 11.5, but not at pH 4.5.
Detailed physiological characterizations and biochemical tests were performed to assess the carbon source utilization pattern and hydrolysis of chromogenic substrates, as described by Kämpfer et al. (1991) . All strains utilized very few carbon sources, similarly to many other species of the genus Psychrobacter. The biochemical/physiological data are presented in Table 1 and in the species description.
For genotypic PCR-based analysis cell lysates of the five strains were generated. A loop of biomass was taken from agar plates of two-day-old cultures and suspended in 500 ml DNase-and RNase-free water (Roth). DNA was released by three cycles of freezing at 220 u C and heating for 1 min up to 100 u C. For phylogenetic identification, nearly full-length 16S rRNA genes of the five strains were PCR-amplified with primers EUB9f (59-GAGTTTGATC-MTGGCTCAG-39) and EUB1492R (59-ACGGYTACCTT-GTTACGACTT-39) (Lane, 1991) and sequenced with the Sanger method using primers EUB9f and E786F (59-GATTAGATACCCTGGTAG-39). Sequences were corrected manually based on electropherograms using MEGA 5 version 5.2.2 (Tamura et al., 2011) , aligned in the SILVA Incremental Aligner (SINA) version 1.2.11 (Pruesse et al., 2012) , and implemented in the 'All-Species Living Tree' project (LTP; Yarza et al., 2008) database release LTPs115 (March 2014). Phylogenetic analyses using the LTP database were performed in ARB release 5.2 (Ludwig et al., 2004) . The alignment including all type strains of species of the genus Psychrobacter was checked manually based on secondary structure information. Pairwise 16S rRNA gene sequence similarities were calculated using the ARB neighbour-joining tool without an evolutionary substitution model. A phylogenetic tree was reconstructed with the maximum-likelihood method using RAxML v7.04 (Stamatakis, 2006) with GTR-GAMMA and rapid bootstrap analysis (100 resamplings) and based on nucleotide sequences between 16S rRNA gene sequence positions 74 and 1440 (according to Escherichia coli numbering; Brosius et al., 1978) .
The sequenced 16S rRNA gene fragments of the five strains investigated were continuous stretches of at least 1417 unambiguous nucleotides (termini 51 to 1473; E. coli numbering). The five novel strains shared identical 16S rRNA gene sequences and had highest sequence similarities to the type strains of P. pulmonis and P. faecalis (both 97.1 %). Sequence similarities to all other type strains of species of the genus Psychrobacter were below 96.3 %. The reconstructed phylogenetic tree clearly placed the five strains within the genus Psychrobacter forming a nondistinct cluster with the type strains of P. pulmonis and P. faecalis and three other species of the genus Psychrobacter: Psychrobacter sanguinis, Psychrobacter arenosus and Psychrobacter lutiphocae (Fig. 1) . Sequence similarities to these other three species were 96.2, 95.8 and 94.4 %, respectively. DNA-DNA hybridization (DDH) experiments were performed between strain 176/10 T and P. faecalis Iso-46 T and P. pulmonis CIP 107927 T according to the method of Ziemke et al. (1998) (except that for nick translation 2 mg of DNA was labelled during 3 h of incubation at 15 u C). Strain 176/10 T showed low DDH values to P. faecalis All data are from this study. +, Positive; 2 negative; (+), weakly positive.
Characteristic 1-5 6 7
Tolerates 5 % (w/v) NaCl
Iso-46 T (12 %, reciprocal 16 %) and to P. pulmonis CIP 107927 T (8 %, reciprocal 15 %).
The five novel strains with identical 16S rRNA gene sequences were compared at the genomic level using a genomic fingerprint technique. A RAPD-PCR was performed, as described previously (Glaeser et al., 2013) using primer A (59-CTGGCGGCTTG-3; Ziemke et al., 1997) . Each of the strains showed an individual genomic fingerprint pattern (Fig. 2 ) indicating genetic differences, suggesting that they represent five individual strains of the same species.
The analysis of the cellular fatty acid profiles of whole cell hydrolysates was performed as described previously (Kämpfer & Kroppenstedt, 1996) and revealed the following fatty acids to be most abundant for all five strains: C 18 : 1 v9c, summed feature 3 (iso-C 15 : 0 2-OH/ C 16 : 1 v7c), C 17 : 1 v8c, C 10 : 0 , C 12 : 0 and C 16 : 0 , and C 12 : 0 3-OH as the hydroxylated fatty acid. The complete fatty acid profiles of the strains also showed slight differences and are shown in Table 2 and compared with those of the type strains of the most closely related species of the genus Psychrobacter.
Polyamines, quinones and polar lipids were extracted from biomasses grown in 3.36 PYE (1.0 % (w/v) peptone from casein, 1.0 % (w/v) yeast extract, pH 7.2). Extraction of polyamines was carried out according to Busse & Auling (1988) , and analysed by HPLC by applying the conditions described by Busse et al. (1997) . Quinones and polar lipids were extracted by applying the integrated method reported by Tindall (1990a, b) and Altenburger et al. (1996) . HPLC equipment was described by Stolz et al. (2007 Fig. 1 . Maximum-likelihood tree based on nearly full-length 16S rRNA gene sequences showing the phylogenetic position of the five novel strains among type strains of species of the genus Psychrobacter. The tree was calculated in ARB using RAxML (GAMMA-GTR and rapid bootstrap analysis based on 100 replications). Nucleotide positions between termini 74 to 1440 (E. coli numbering; Brosius et al., 1978) were included in the analysis. Bootstrap values above 70 % are shown at branch nodes. Type strains of species of the genera Enhydrobacter and Moraxella were used as outgroups. Bar, 0.1 nucleotide substitutions per site.
Psychrobacter pacificensis, P. lutiphocae and Psychrobacter celer, which were reported to contain only the single major polyamine spermidine (Hamana et al., 2007; Yassin & Busse, 2009 ). The quinone system was composed of ubiquinones Q-8 (97.5 %) and Q-9 (2.5 %). The polar lipid profile contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and phosphatidylserine as major compounds and moderate to minor amounts of two phospholipids, an aminolipid, and three lipids without an amino or phosphate group or a sugar moiety (Fig. 3) . Similar quinone systems (with Q-8 predominant) and polar lipid profiles have been reported for Psychrobacter proteolyticus (Denner et al., 2001) , Psychrobacter jeotgali (Yoon et al., 2003) and P. lutiphocae (Yassin & Busse, 2009 ), but the presence of phosphatidylserine is reported here for the first time for a member of the genus Psychrobacter.
On the basis of the results of this polyphasic study, it is clear that the isolates described represent a novel species of the genus Psychrobacter for which the name Psychrobacter ciconiae sp. nov. is proposed.
Description of Psychrobacter ciconiae sp. nov.
Psychrobacter ciconiae [ci.co9ni.ae. L. gen. fem. n. ciconiae of a (white) stork]. , 178/10; 3, 182/10; 4, 185/7; 5, 193/8; 6, P. pulmonis CIP 107427 T ; 7, P. faecalis Iso-46 T . All data are from this study and represent percentages of total fatty acids. Data in parentheses are from Wirth et al. (2012) . 2, not detected. T after separation by twodimensional TLC and detection using 5 % (v/v) ethanolic molybdatophosphoric acid. PE, phosphatidylethanolamine; PS, phosphatidylserine; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; AL, unidentified aminolipid; PL1-2, unidentified phospholipids; L1-3, unidentified polar lipids not detectable with any of the spray reagents specific for lipids containing a phosphate group, an amino group or a sugar moiety.
Cells are Gram-stain-negative. They are non-motile, nonspore-forming rods, approximately 1 mm in width and 2 mm in length. Aerobic, oxidase-positive, catalase-positive. Good growth occurs after 48 h on TS, brain heart infusion agar, NA and R2A agar, but not at all (or very weakly) on MacConkey agar at 37 u C. Growth occurs on TS at 10-40 u C, but not at 4 or 50 u C. Cells grow at 37 u C in the presence of 1.0-3.0 % (w/v) NaCl (and weakly with 4 %, but not at all with 5 %, w/v) as added to TSB, and at pH 5.5 to 11.5 but not at pH 4.5. Colonies on NA are smooth, beige, circular, translucent and glistening with entire edges. Acid production from D- The type strain is 176/10 T (5CIP 110777 T 5LMG 28175 T 5 CCM 8519 T ), isolated from a choana swab collected from a white stork nestling in Kłopot, Poland. Four further strains, 178/10, 182/10, 185/7 and 193/8 are also assigned to the species. These strains were isolated from choana swabs of individual white stork nestlings and sampled in Kłopot and villages nearby, Bytomiec and Polęcko, Poland, and shared identical 16S rRNA gene sequences with the type strain, but their genomic fingerprint patterns generated by RAPD-PCR were distinct.
